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Abstract 

Long periodicity for MknSOl dnring a large flare in 1997 have been reported 
by TA, HEGRA gronp. Here, we establish this periodicity with archival data 
of RXTE All Sky Monitor (ASM), Telescope Array(TA) and HEGRA with 
a chance probability less than 10“^. We also And that an origin of 23 day 
periodicity is related with a change of either a gamma factor of electrons 7 or 
the magnetic fleld or a beaming factor. And, in order to search for a category 
which have a long periodicity, we make a periodicity analysis for ten H.B.L. 
with RXTE ASM. We And a long periodicity for three TeV detected sonrce, 
Mkn501, Mkn421 and PKS2155-304. There may exist a relation between an 
origin of a long periodicity and an electron acceleration to a TeV range. 

1 Introduction 

TeV gamma ray flnx of HBL Mkn421 and Mkn501 are nsnally lower than 
that of Grab. However, in 1997, there was a large flare of Mkn501, the 
recorded flnx grew to ten times that of Grab(Aharonian et al, 1999a, 1999b, 
1999c, Krawczynski et al.2000). Dnring this time, a 13 day periodicity in 
TeV gamma ray flnx of Mkn501 was reported initially by the TA (Hayashida 
et al.l998). A periodicity of 23 day was reported by the TeV cherenkov 
detectors HEGRA, Telescope Array and by the Xray detector RXTE ASM 
(Kranich et al. 1999, Nishikawa et al.l999). However, a 23 day periodicity 
for Mkn501 in 1997 has not been established yet. In this paper, we reanalyze 
both the RXTE ASM data and the TeV data of TA and HEGRA. In order to 
search for the kind of AGN which have a long periodicity, we do a periodicity 
analysis for ten HBLs nsing the archive data of the Xray satellite RATE ASM. 
We also search for an energy spectral variation with a possible periodicity 
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with RXTE PCA. 


2 Observation 

We obtain data points of (MJD, rate, error) for MknSOl in 1997 with TA(Hayashida 
et ah 1998) and with HEGRA(Kranich 2001). We obtain RXTE ASM data 
of 90 sec integrated data of (MJD,rate,error) from Jan. 1996(MJD 50087) to 
Aug. 2000(MJD 51780). We collect ten HBLs cataloged by Xie et ah(1993) 
from ASM archives. We obtain an archive data with RXTE PCA for a 
spectral analysis. MJD 50300-50900 is used for a conhrmation of 23 day pe¬ 
riodicity with ASM data. For ASM data, because of poor statistics, we make 
several kind of data set for each target with both a binning and a selection 
of a ratio of a rate and an error. We use Lomb-Scargle method(Lomb 1976; 
Scargle 1982), which is suitable for unevenly sampled data. We calculate a 
chance probability with Prob(> z) = 1 — {1 — is a power, V is a 

number of data). For ASM data, we limited the search interval for the pe¬ 
riodicity between 1 day and Tobs/lO, in order to obtain more than 10 cycles 
for a periodicity. Here, Tobs is the total observation time. 

3 periodicity of Mkn501 in 1997 

We show results at table 1, hgure 1. We conhrmed 22-23 days periodicity 
for Mkn501 during a flare in 1997 with both TeV gamma ray data of TA, 
HEGRA and RXTE ASM data. 22-23 days periodicities observed by RXTE 
ASM and TA and HEGRA are same within FWHM. 

There is a relation of power~ f~^ (/ is a frequency) in an Xray binned 
power spectra, which is popular in AGN as hgure 2. This trend may have a 
physical meaning, though this has not yet been resolved. The periodicity we 
detect may be a huctuation of this trend. For TeV gamma ray binned power 
spectra, there does not seems to be a f~^ component as hgure 2. Even if 
there may be also a f~^ component which has a physical meaning in TeV 
gamma ray power spectra, we obtain a chance probability less than 10“^ for 
23 days periodicity of Mkn501 in 1997 by combining results of ASM data and 
TA data and HEGRA data. We show the summed power spectra of Xray 
data of RXTE ASM and TeV gamma ray data of TA and HEGRA as hgure 
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Table 1: Summary of periodicity analysis. A chance probability* is for 
the power spectra which has a component. The error of periodicity is 
FHWM. The two different periodicity for MknSOl is attributed to a different 
kind of data set. 


target 

data 

period(day) 

chance 

probability 

chance 

probability* 

MknSOl 

RXTE ASM 

1S2.S +7.1 
S4.4 +0.9 

- 7.3 

- 0.8 

3x10-4 

1.9x10-4 

2.3x10-1 

1.9x10-1 

MknSOl in 1997 

RXTE ASM 

23.7 +0.S 

-0.4 

1.7x10-14 

7.7x10-2 


TA 

23.7 +2.1 

- 1.7 

1.4x10-2 

2 . 8 x 10-1 


HEGRA 

22.S +1.9 

- 1.7 

3.4x10-11 

< 10-4 

Mkn421 

RXTE ASM 

102.S +3.9 

-3.4 

6.7x10-1* 

1 . 8 x 10-2 

PKS21SS-304 

RXTE ASM 

142.S +S.S 

-S.S 

2.2x10-4 

< 10-4 


3. Each power is normalized with / ^ component. 

4 Origin of 23 day periodicity for Mkn501 in 
1997 

We show a phase diagram of a photon index of an Xray energy spectra with 
RXTE PCA for Mkn501 in 1997 at hgure 4. There is a variation of a photon 
index during one period. In an energy spectra of vFy{eig s~^)ys.p{Hz), an 
index of a spectra becomes —a + 2(Here, a is a photon index). The change 
of a photon index from 1.8 to 2.4 implies an index in this spectra from 0.2 
to —0.4. This suggest that the peak energy of a synchrotron radiation is 
changing over the PCA energy range during a flare time. This argument 
is consistent with Kataoka (2000). We hnd a periodic change of a peak 
energy of a synchrotron radiation during one period. The peak energy for 
a synchrotron radiation is dependent on a gamma factor of electrons 7 , the 
magnetic held and a beaming factor (Rybicki & Lightman 1979). Therefore, 
we expect a periodic change of these parameters, which related with origins 
of the periodicity, during a hare for Mkn501. 
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5 Category which have a long periodicity 

We detect possible periodicities of lO-lOOday for three Blazars, Mkn421, 
MknSOl and PKS2155-304 among ten Blazars. We show these power spec¬ 
tra at hgure 5. We show results at table 1. The periodicities detected 
for three Blazars emit TeV gamma ray emission have been detected (Mkn 
421;eg.Aharonian et ah 1999b, Mkn 501;eg. Aharonian et ah 1999d, PKS 
2155-304;P.M.Chadwick et ah 1999). Then, the probability that all periodic¬ 
ity detected Blazars are all TeV gamma ray detected one is 8.3x10“^. There 
may exist a relation between an origin of a long periodicity and an electron 
acceleration to a TeV range. However, these periodicities are less signihcant 
when f~^ component has a physical meaning as table 1. 
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Mkn50l(]997) 



Mhi501(1997) with TA 



Mkn50](]997j with HEGRA 



Figure 1: The Xray power spectra with RXTE ASM(left) and TeV gamma 
ray power spectra with Telescope Array(middle) and HEGRA(right) for 


MknSOl in 1997. 
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The power sepctra for Mkn501(MJD 50300-50900) 



MknSIII(I!>!l7lultb TA 



Mkjl5Vlll997) with HIlIIKA 



Figure 2: The Xray binned power spectra with RXTE ASM(left) and 
TeV gamma ray binned power spectra with Telescope Array(middle) and 
HEGRA(right) for MknSOl in 1997. A solid line is best fitted model of 
1 + A * /~"(A is a constant and / is a frequency). 
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Figure 3: The summed power spectra of Xray data of RXTE ASM and TeV 
gamma ray data of TA and HEGRA. Each power is normalized with 
component. 


MKn501(MJD 50300-50900) 
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Figure 4: a phase diagram of a photon index of an Xray energy spectra with 
RXTE PGA for MknSOl in 1997. 
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MknSOl 



Figure 5: The Xray power spectra with RXTE ASM for MknSOl (right), 
Mkn421 (middle) and PKS2155-304(right) for 4.6 years. 






